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therapy protocol for ruptured abdominal aortic aneurysms
R. Moore, M. Nutley, C.S. Cina, M. Motamedi, P. Faris and W. Abuznadah
Background. The study was conducted to demonstrate improved survival
(30-day mortality) after the introduction of an emergency endovascular
therapy protocol for ruptured abdominal aortic aneurysms (rAAA).
Numerous authors have successfully demonstrated reduced mortality in
patients with rAAA using endovascular techniques. Comparison of
endovascular aneurysm repair (EVAR) with open repair for rAAA may
be misleading, however, because EVAR cannot be performed on all
patients, and selection bias may explain the superior performance of any
given surgical or endovascular strategy. We developed a model to predict
mortality in patients before the introduction of EVAR (preprotocol popula-
tion), applied this model to predict 30-day mortality among prospective
patients (postprotocol population), and compared observed vs expected
results.
Methods. We assessed 126 patients with rAAA. Primary outcome was 30-day
mortality. Potential confounding variables were age, sex, presurgical lowest
recorded systolic blood pressure (SBP), and glomerular filtration rate
(GFR). A logistic regression model incorporating significant confounders
was used to evaluate changes in 30-day mortality for all patients with
rAAA after introduction of the EVAR protocol. Separate logistic regressions
were done to compare 30-day mortality for preprotocol vs patients receiving
EVAR and preprotocol vs patients receiving postprotocol open repair. Cumu-
lative sum (CUSUM) analysis was used to assess shifts in the performance of
the rAAA program over time.
Results. Significant confounders were SBP, absence of SBP, and GFR. Logis-
tic regression found evidence of lower mortality after the protocol was in-
troduced, 17.9% vs 30.0% (odds ratio [OR], 0.385; 95% confidence interval
[CI], 0.141 to 0.981; P ¼ .046). Comparison of all open repairs (preprotocol
and postprotocol) and EVAR demonstrated decreased risk for EVAR of
5.0% vs 28.3% (OR, 0.109; 95% CI, 0.013 to 0.906; P ¼ .0084). Unstable
patients (SBP  80) showed a trend towards improved survival with
EVAR relative to open repair (14.3% vs 56.0%, P ¼ .061). Comparison of pre-
protocol surgery with open repair after the introduction of the protocol
found no evidence of a difference between mortality rates for the open
proceduresd30.0% (preprotocol) vs 25.0% (postprotocol; OR, 0.688; 95%
CI, 0.335 to 1.415, P ¼ .3031)ddemonstrating that the improved perfor-
mance observed with CUSUM analysis was related to the introduction of
the EVAR protocol.
Conclusion. Our predictive model using ‘‘weighted’’ CUSUM analysis
(a measure of performance over time) demonstrated that a predefined strat-
egy of management of rAAA that includes EVAR is associated with improved
(P < .05) mortality. Unstable patients with rAAA may be particularly
benefited by EVAR and should not be excluded from repair. Appropriate
patients with rAAA who are undergoing treatment in experienced vascular
centers should be offered EVAR as the treatment of choice.
Carbon dioxide digital subtraction angiographyeassisted endovascular
aortic aneurysm repair in the azotemic patient
A. Chao, K. Major, S.R. Kumar, K. Patel, I. Trujillo, D.B. Hood, V.L. Rowe and
F.A. Weaver
Objective. This report analyzes the safety and efficacy of carbon dioxide dig-
ital subtraction angiography (CO2-DSA) for EVAR in a group of patients with
renal insufficiency compared with a concurrent group of patients with nor-
mal renal function undergoing EVAR with iodinated contrast angiography
(ICA).
Methods. Between 2003 and 2005, 100 consecutive patients who underwent
EVAR using ICA, CO2-DSA, or both were retrospectively reviewed, and
preoperative, intraoperative, postoperative, and follow-up variables were
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tion and contrast used. Group I comprised patients with normal renal
function in whom ICA was used exclusively, and group II patients had
a serum creatinine 1.5 mg/dL, and CO2-DSA was used preferentially
and supplemented with ICA, when necessary. The two groups were com-
pared for the outcomes of successful graft placement, renal function, endo-
leak type, and frequency, and the need for graft revision. Comparisons
were made using c2 analysis, Student t test, and the Fisher exact test.
Results. A total of 84 EVARs were performed in group I and 16 in group II.
Patient demographics and risk factors were similar between groups with the
exception of serum creatinine, which was significantly increased in group II
(1.8 mg/dL vs 1.0 mg/dL P < .0005). All 100 endografts were successfully im-
planted. Patients in group II had longer fluoroscopy times, longer operative
times, and increased radiation exposure, and 13 of 16 patients required
supplemental ICA. Mean iodinated contrast use was 27 mL for group II vs
148 mL in group I (P < .0005). Mean postoperative serum creatinine was
unchanged from baseline, and 30-day morbidity was similar for both groups.
No patient required dialysis. No patients died. Perioperatively, and at 1 and 6
months, the endoleak type and incidence and need for endograft revision was
no different between groups.
Conclusions. CO2-DSA is safe, can be used to guide EVAR, and provides out-
comes similar to ICA-guided EVAR. CO2-DSA protects renal function in the
azotemic patient by lessening the need for iodinated contrast and associated
nephrotoxicity, but with the tradeoff of longer fluoroscopy and operating
room times and increased radiation exposure.
Outcome after celiac artery coverage during endovascular thoracic
aortic aneurysm repair: Preliminary results
S.K. Vaddineni, S.M. Taylor, M.A. Patterson and W.D. Jordan Jr
Background. Endovascular repair of descending thoracic aortic aneurysms
has emerged as an alternative to open repair. Coverage of the left subclavian
origin has been reported to expand the proximal sealing zone. We report the
planned coverage of the celiac artery origin with a thoracic stent graft to
achieve an adequate distal sealing zone.
Methods. All patients undergoing endovascular aneurysm repair are pro-
spectively entered into a computerized database. All patients who under-
went thoracic endovascular aneurysm repair with coverage of the celiac
artery origin were identified and retrospectively analyzed. End points for
evaluation included indications for covering the celiac artery, anatomic fea-
tures of the distal landing zone, demonstration of collateral circulation
between the celiac artery and the superior mesenteric artery, technical suc-
cess of the procedure, and presence of clinical ischemic symptoms after the
procedure.
Results. Between March 2005 and May 2006, 46 patients underwent endo-
vascular repair of descending thoracic aortic aneurysms. Seven patients
had planned celiac artery coverage with a thoracic stent graft to secure
an adequate distal sealing zone. Six patients demonstrated collateral circu-
lation through the gastroduodenal artery between the celiac and superior
mesenteric arteries before deployment of the stent graft. One patient had
a distal type I endoleak at the conclusion of the procedure related to inad-
equate sealing at the superior mesenteric artery origin. No type II endo-
leaks were evident at the final intraoperative angiogram or 30-day
computed tomography scan. There were no postoperative deaths, no ische-
mic abdominal complications, and no clinical spinal cord ischemia. Short-
term follow-up (1 to 10 months) has demonstrated no additional endoleaks
(type I not fully assessed), no aneurysm growth, and no aneurysm
ruptures.
Conclusion. This limited series supports the suitability, in selected patients, of
covering the celiac artery origin for a distal landing zone when the distal seal-
ing zone proximal to the celiac artery is inadequate. We recommend the an-
giographic evaluation of the collateral circulation between the celiac and
superior mesenteric arteries when covering the celiac artery origin is being
considered.February 2007  373/375
374 AbstractsTwenty consecutive cases of endograft repair of traumatic aortic
disruption: Lessons learned
D.G. Neschis, S. Moaine, R. Gutta, K. Charles, T.M. Scalea, W.R. Flinn and
B.P. Griffith
Objectives. Endograft repair holds considerable promise in the treatment of
traumatic disruption of the thoracic aorta because patients often have multi-
ple coexisting injuries further complicating traditional open repair. In addi-
tion, patients are often young, with an aortic anatomy dissimilar to those
with atherosclerotic aneurysms. As a result, techniques for endograft repair
have to be refined accordingly.
Methods. The records of 20 consecutive cases of traumatic aortic disruption
treated by endograft repair at a single institution were reviewed.
Results. Mean patient age was 40 years (range, 17 to 88 years), and 17 (85%)
of 20 patients were men. All cases were completed. There were no procedure
related deaths, but four (20%) patients died of their co-injuries. Only two
(10%) of 20 required a graft >28 mm in diameter, and nine (45%) aortas
were small enough to require use of 23-mm abdominal cuffs. Six (30%) of
20 cases required complete or partial coverage of the left subclavian artery.
Placement of a proximal extension was required in one patient for a type I
endoleak. A graft collapse occurred in one patient that required surgical
removal and aortic repair.
Conclusions. Endovascular repair of traumatic aortic disruption can be ac-
complished in most cases. Compared with atherosclerotic aneurysms, the
proximal thoracic aorta tends to be smaller and the arch angle tighter. This
frequently necessitates the use of smaller devices and less stiff wires. Sur-
geons should be prepared to cover the left subclavian artery if needed,
have a wide range of device sizes in stock to avoid over-sizing, and show
restraint if the anatomy appears unsuitable.
Patient factors and operating room resuscitation predict mortality in
traumatic abdominal aortic injury: A 20-year analysis
J. Deree, E. Shenvi, D. Fortlage, P. Stout, B. Potenza, D.B. Hoyt and
R. Coimbra
Background. Injuries to the abdominal aorta are rare and remain one of the
most lethal causes of early death in trauma. The purposes of this study
were to identify primary predictors of mortality and to examine the impact
of a well-established operating room resuscitation protocol on survival in
patients with traumatic aortic injury.
Methods. A 20-year retrospective review was performed of medical records
and autopsy reports of trauma patients admitted with confirmed injury to
the abdominal aorta. Data on patient demographics, admission characteris-
tics, operative findings, and the initial location of resuscitation were collected.
The main outcome measure was death.
Results. Abdominal aortic injuries were diagnosed in 60 patients. Their av-
erage age was 26.5 years, and the mean transport time was 10 minutes. The
overall mortality rate (MR) was 73%. With the exclusion of 18 patients con-
sidered dead on arrival, the MR decreased to 61%. The mechanism of injury
was blunt in 20% (MR 92%) and penetrating in 80% (MR 68%). Acidosis,
defined as a pH <7.2 (MR 81%) or a base deficit >10 (MR 77%), was a pre-
dictor of death (P < .0001). Patients resuscitated directly in the operating
room had a significantly lower MR (40%) than those resuscitated in the
trauma room (MR 78%; P < .02). The lack of retroperitoneal tamponade
(P < .02), the presence of associated intra-abdominal injuries (P < .001),
and the location of aortic injury at the subdiaphragmatic (18%; MR 90%)
or suprarenal location (37%; MR 71%; P < .005) at exploration resulted in
significantly higher patient mortality. Surgical management consisted of pri-
mary repair in 26, end-to-end repair in 1, interposition graft in 8, or patch in
1. Resuscitative thoracotomy was performed in 27 patients (45%), with an
overall MR of 92%.
Conclusion. Despite advances in fluid resuscitation, operative strategy, and
transport during the past 20 years, the mortality of traumatic injury to the ab-
dominal aorta remains high. Shock, acidosis, suprarenal aortic injury, and
a lack of retroperitoneal tamponade all independently contribute to mortality
and should raise the suspicion for a potentially lethal aortic injury in a se-
verely injured patient. Rapid identification and resuscitation in the operating
room may therefore be the only factors to improve current survival rates in
such devastating injuries.Eur J Vasc Endovasc Surg Vol 33, March 2007Prospective evaluation of electroencephalography, carotid artery stump
pressure, and neurologic changes during 314 consecutive carotid
endarterectomies performed in awake patients
S.S. Hans and O. Jareunpoon
Objective. This study attempted to correlate neurologic changes in awake
patients undergoing carotid endarterectomy (CEA) under cervical block
anesthesia (CBA) with electroencephalography (EEG) and measurement of
carotid artery stump pressure (SP).
Methods. Continuous EEG and SP monitoring was measured prospectively
in 314 consecutive patients undergoing CEA between April 1, 2003, and
July 30, 2006, under CBA. Indications for CEA were asymptomatic 70% to
99% internal carotid artery stenosis in 242 (77.1%), transient ischemic attacks
(including transient monocular blindness) in 45 (14.3%), and prior stroke in
27 (8.6%). Mean common carotid artery pressure before clamping, mean SP
after carotid clamping, and intraarterial pressure were continuously moni-
tored in all patients. An indwelling shunt was placed when neurologic events
(contralateral motor weakness, aphasia, loss of consciousness, or seizures)
occurred, regardless of SP or EEG changes.
Results. Shunt placement was necessary because of neurologic changes in
10% (32/314) of all CEAs performed under CBA. Only 3 patients (1.4%)
of 216 required shunt placement if SP was 50 mm Hg or more, vs 29
(29.6%) of 98 if SP was less than 50 mm Hg (P < .00001; sensitivity,
29.8%; specificity, 98.6%). In patients with SP of 40 mm Hg or more, 7
(2.6%) of 270 required shunt placement, vs 25 (56.8%) of 44 if SP was less
than 40 mm Hg (P < .00001; sensitivity, 56.8%; specificity, 97.4%). Ischemic
EEG changes were observed in 19 (59.4%) of 32 patients (false-negative rate,
40.6%) requiring shunt placement under CBA. Three patients had false-
positive EEG results and did not require shunt placement (false-positive
rate, 1.0%). The perioperative stroke/death rate was 4 (1.2%) in 314. All
strokes occurred after surgery and were unrelated to cerebral ischemia or
lack of shunt placement.
Conclusions. Ten percent of patients required a shunt placement during CEA
under CBA. Shunt placement was necessary in 56.8% of patients with SP less
than 40 mm Hg. EEG identified cerebral ischemia in only 59.4% of patients
needing shunt placement, with a false-positive rate of 1.0% and a false-
negative rate of 40.6%. Both SP and EEG as a guide to shunt placement
have poor sensitivity. Intraoperative monitoring of the awake patients under
regional anesthesia (CBA) is the most sensitive and specific method to
identify patients requiring shunt placement.
Clinical utility of time-resolved imaging of contrast kinetics (TRICKS)
magnetic resonance angiography for infrageniculate arterial occlusive
disease
M. Mell, G. Tefera, F. Thornton, D. Siepman and W. Turnipseed
Objective. The diagnostic accuracy of magnetic resonance angiography
(MRA) in the infrapopliteal arterial segment is not well defined. This study
evaluated the clinical utility and diagnostic accuracy of time-resolved imag-
ing of contrast kinetics (TRICKS) MRA compared with digital subtraction
contrast angiography (DSA) in planning for percutaneous interventions of
popliteal and infrapopliteal arterial occlusive disease.
Methods. Patients who underwent percutaneous lower extremity interven-
tions for popliteal or tibial occlusive disease were identified for this study.
Preprocedural TRICKS MRA was performed with 1.5 Tesla (GE Healthcare,
Waukesha, Wis) magnetic resonance imaging scanners with a flexible periph-
eral vascular coil, using the TRICKS technique with gadodiamide injection.
DSA was performed using standard techniques in angiography suite with
a 15-inch image intensifier. DSA was considered the gold standard. The
MRA and DSA were then evaluated in a blinded fashion by a radiologist
and a vascular surgeon. The popliteal artery and tibioperoneal trunk were
evaluated separately, and the tibial arteries were divided into proximal,
mid, and distal segments. Each segment was interpreted as normal (0% to
49% stenosis), stenotic (50% to 99% stenosis), or occluded (100%). Lesion mor-
phology was classified according to the TransAtlantic Inter-Society Consen-
sus (TASC). We calculated concordance between the imaging studies and
the sensitivity and specificity of MRA. The clinical utility of MRA was also
assessed in terms of identifying arterial access site as well as predicting tech-
nical success of the percutaneous treatment.
375AbstractsResults. Comparisons were done on 150 arterial segments in 30 limbs of 27
patients. When evaluated by TASC classification, TRICKS MRA correlated
with DSA in 83% of the popliteal and in 88% of the infrapopliteal segments.
MRA correctly identified significant disease of the popliteal artery with a sen-
sitivity of 94% and a specificity of 92%, and of the tibial arteries with a sensi-
tivity of 100% and specificity of 84%. When used to evaluate for stenosis vs
occlusion, MRA interpretation agreed with DSA 90% of the time. Disagree-
ment occurred in 15 arterial segments, most commonly in distal tibioperoneal
arteries. MRA misdiagnosed occlusion for stenosis in 11 of 15 segments, and
stenosis for occlusion in four of 15 segments. Arterial access was accurately
planned based on preprocedural MRA findings in 29 of 30 patients. MRA
predicted technical success 83% of the time. Five technical failures were
due to inability to cross arterial occlusions, all accurately identified by MRA.
Conclusion. TRICKS MRA is an accurate method of evaluating patients for
popliteal and infrapopliteal arterial occlusive disease and can be used for
planning percutaneous interventions.
Hemodynamic impairment, venous segmental disease, and clinical
severity scoring in limbs with Klippel-Trenaunay syndrome
K.T. Delis, P. Gloviczki, P. Wennberg, T. Rooke and D.J. Driscoll
Background. Klippel-Trenaunay syndrome (KTS) is a complex congenital
anomaly featuring two or more of the following: (1) capillary malformations
(port-wine stains), (2) soft tissue or bony hypertrophy (or both), and (3) var-
icose veins or venous malformations. With the purpose of determining the ac-
tual significance of venous impairment in patients with KTS, we quantified
the venous valvular competency and calf muscle pump function and exam-
ined their effect on clinical severity.
Methods. Included were patients with near-normal function of affected
limb(s) and minimal/small foot hypertrophy. Excluded were those with
deep venous hypoplasia, aplasia or thrombosis, lymphedema, limb length
discrepancy (>2.5 cm), peripheral arterial (ankle-brachial index <1.0), or car-
diac disease and walking impairment. Venous duplex scanning, ascending
venography, magnetic resonance imaging, strain gauge plethysmography,
and a bone scanogram were performed. We studied eight men and sevenwomen aged 15 to 51 years (median, 24 years). The KTS involved 17 limbs
(unilateral in 13 patients and bilateral in 2). Contralateral limbs in patients
with unilateral KTS acted as controls (n ¼ 13). Venous clinical severity was
graded according to the CEAP and venous clinical severity score (VCSS),
and reflux complexity was classified according to the venous segmental dis-
ease score. Outflow obstruction (outflow fraction at 1 and 4 seconds; OF1 and
OF4, respectively), reflux (venous filling index), calf muscle pump function
(ejection fraction), and hypertension (residual volume fraction) were deter-
mined in both limbs with strain gauge plethysmography. Data, reported as
median and interquartile range, were analyzed with the Mann-Whitney test.
Results. Varicose veins or venous malformations occurred in the medial, pos-
terior, or anterolateral limb segments of the ankle (7/17, 7/17, and 9/17), calf
(10/17, 8/17, and 12/17), knee (9/17, 8/17, and 8/17), and thigh (10/17, 6/17,
and 8/17, respectively). Venous malformations occupied the subcutaneous
space (17/17) and extended into the subfascial space in 6 (35.3%) of 17 limbs.
Abnormal reflux (>0.5 seconds) was distributed in the great (64.7%; 11/17)
and small (5.9%; 1/17) saphenous veins and the common femoral (23.5%; 4/
17), femoral (41.1%; 7/17), popliteal (29.4%; 5/17), perforator (70.6%; 12/17),
and axial calf (35.3%; 6/17) veins. There was no difference in the OF1 and
OF4 between the affected limbs and the controls. LimbswithKTS had a fivefold
greater venous filling index (0.133-0.46 mL $ 100 mL1 $ s1; 0.258 mL $ 100
mL1 $ s1) than the controls (0.034-0.055 mL $ 100 mL1 $ s1; 0.046 mL $
100 mL1 $ s1; P < .0001), and this was linked to a higher venous segmental
disease score (3 [2-4] vs 0 [0-1]; P< .0001). Limbs with KTS had half the ejection
fraction (20.8%; 12.3%-24%) of the controls (39.3%; 30.9%-64.6%) and twice as
high a residual volume fraction (77% [69.6%-84.5%] vs 40.9% [20.6%-60%];
both P < .004). Patients complained of swelling (100%; 15/15), aching (100%;
15/15), and pain (93.3%; 14/15) and heaviness (100%; 15/15), tiredness
(66.7%; 10/15), and tightness (33.3%; 5/15) of the limb(s) with KTS. Limbs
with KTS had a worse (1) venous clinical severity by 11 VCSS points
(11 [8-12] vs 0 [0-1]) and (2) clinical status by 3 CEAP classes (C3 [C3-C4] vs
C0 [C0-C2]) than the control limbs (both P < .0001).
Conclusions. Venous disease in limbs with KTS is a major source of morbidity
in affected patients. Limbs with KTS are characterized by complex reflux
patterns, severe valvular incompetence, calf muscle pump impairment, and
venous hypertension, thus explaining the advanced clinical severity (VCSS)
and CEAP grade.Eur J Vasc Endovasc Surg Vol 33, March 2007
